A transportable ac voltage source is described, in which sinusoidal signals are digitally-synthesized in the audio-frequency range. The rms value of the output waveform may be calculated by measuring the dc level of the individual steps used to generate the waveform. The uncertainty of this calculation is typically f10 ppm from 20 Hz -10 M z at the 7 V level.
I. Introduction
Digitally-synthesized sinewave sources have become commonplace in metrology laboratories in recent years, particularly where a precise knowledge of the phase angle between two waveforms is required. impedance and power bridges [1, 2] as well as phase angle standards [ 3 ] rely on waveform synthesis techniques to achieve state-of-the-art accuracy.
The approach has been applied to ac voltage standards 141 with some success; however, imperfections in the steps used to generate the waveforms have limited the ability to calculate the rms value of the ac signal based on a knowledge of the static voltage of each step. Transient energy at the step transitions (often referred to as "glitches") adds to the signal power making it difficult to predict the rms value to better than 20 ppm above 1 kHz.
Generator Circuit
A "deglitching" technique, used to improve phase angle precision 151, has been employed to enhance the step quality in an audio-frequency digitally-synthesized source.
Charge-coupled and switching glitches and current settling in high resolution digital-to-analog converters (DACs) may be reduced by toggling between two converters which are updated at different times. A block diagram of the waveform generator is shown in Fig. 1 . Digital values of the waveform, stored in a read-only-memory (ROM) are sequentially latched into DAC 1 and DAC 2 by a two-phase clock. A fast CMOS switch steers the output current from each DAC to ground until the current step has settled, and then into the summing node of a wideband operational amplifier. While one DAC is settling, the other DAG supplies the output step and, thus, most of the transient energy is dissipated in the ground plane. This technique does not eliminate charge injection from the switch or amplifier errors (great care must be exercised to minimize the effects of band and slew limiting, overshoot, ringing, and thermal settling in the amplifier.) Other sources of error include feedthrough from the clock (which may not exist during the static calibration) and instability of the dc reference.
A prototype calculable source has been constructed using 18-bit multiplying DACs.
Only the mostsignificant 8 bits are used to synthesize the waveform (18-bit converters were selected to obtain the component stability and low temperature coefficients that are inherent in high resolution DACs.) While 3 - bit quantization might pose a problem if a pure sinusoidal waveform was required, the contribution to the rms value due to quantization noise is negligible. The amplitude of each step of the waveform is measured "off line" with a precise dc DVM, and the rms value of the generated wavefrom is determined by computing the square-root of the mean value of the square of each af the measured step voltages.
IIi. Results
This predicted rms value, calculated as described above, was compared to the rms value of the waveform at sine wave frequencies between 30 Hz -15 kHz, measured using an automatic voltage calibration system based on coaxial thermal converters [ 61 .
Results of these comparisons, showing the dlfference between the predicted value and the thermally measured values for two prototype sources are plotted in Fig. 2 . Agreement has been typically within 10 ppm below 10 kHz under laboratory conditions. The prototype sources are portable and are being shipped to several metrology laboratories around the United States in order to evaluate their usefulness as ac transport standards. 
